ABSTRACT Two experiments were conducted to examine the effect of the feeding of a high-energy diet during early gestation on survival of porcine conceptuses. In the first, 91 second-estrus gilts were inseminated 24 h after detection of standing estrus and randomly assigned to a recommended energy (RE: 22.2 MJ of DE/d) or high-energy diet (HE: 36.0 MJ of DE/d) obtained by addition of cornstarch to RE. Gilts were slaughtered 9, 10, or 11 d later, and numbers of corpora lutea ( n = 1,268) and recovered conceptuses ( n = 977) were recorded. Conceptuses were photographed, and surface areas were measured using an image analysis system. Standard deviations ( S D ) for mean areas from 82 litters with 899 embryos were used as a measure of size variability within and between litters, and 472 of these were cultured for measurement of estrogen ( E ) concentrations by enzymeimmunoassay. Conceptus survival was similar for RE and HE groups (76.2 k 21 vs 78.8 f 17.5%; P > .05). Mean surface areas and SD increased ( P < .05) between d 9 and 11, but they were the same for both diets ( P > .1). No difference was detected between diets in E produced by d 9 and 10 blastocysts after 24 h in vitro ( P > .1). In contrast, d-11 RE embryos produced more E than did HE embryos after 3 h (.77 f .ll vs .37 f . l l ng/mL; P < .01) and 24 h (3.02 f .40 vs 1.29 f .39 ng/mL; P < .01).
Introduction
Reduced litter size due to early embryonal loss is a major limitation on profitability of pig enterprises. Although controversial, feeding of a high-energy diet immediately after conception may increase embryonal mortality (Anderson and Melampy, 1972; den Hartog and van Kempen, 1980; Stone, 1987; Kirkwood and Thacker, 1988) . During d 10 to 12 after mating, conceptuses undergo rapid elongation and acquire the ability t o produce estrogens, processes thought to be critical for survival. The transition from blastocyst to ' The financial support of the Canadian Commonwealth Scholarship Plan, the Natural Science and Engineering Research Council of Canada, and the Ontario Ministry of Agriculture and Food is gratefully acknowledged.
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J. h i m . Sci. 1994 Sci. . 72:1320 Sci. -1324 expanding chorionic vesicle is asynchronous within litters (Anderson, 1978) . Embryonal death may result from secretion of estrogens by the more-advanced conceptuses producing a uterine environment inappropriate for less-advanced littermates (Pope and First, 1985; Dziuk, 1987) . Faster and more uniform embryonal development may (Bazer et al., 1988) or may not Wilmut et al., 1992) contribute t o greater survival in the more prolific breeds. Manipulation of dietary energy, the main ingredient in swine diets, could alter maternal metabolism and thus conceptus development during early gestation. Embryonal survival, rate and uniformity of development, and estrogen production were compared during the first 11 d after mating in gilts fed a recommended or high-energy diet. Based on these results, a second experiment investigated the effect of feeding a high-energy diet on embryonal survival at d 25 of pregnancy.
Experimental Procedures

Experiment 1
Yorkshire gilts were group-housed at the Arkell Swine Research Centre, and estrus detection done during boar exposure between 0800 t o 1000 and 1600 to 1800 daily. Dates of first estrus were recorded, and gilts were inseminated with pooled semen from at least two boars approximately 24 h after the first signs of their second standing estrus (day of insemination = d 0). Gilts averaged 129 _+ 17 kg in weight and 228 f 25 d of age at mating.
Before insemination, all gilts were fed a recommended diet. Immediately after insemination, the gilts were individually housed and randomly assigned to one of two pelleted diets formulated from corn, soybean meal, and vitamin-mineral supplement but modified to provide different quantities of energy. Gilts on recommended energy ( RE) received 1.5 kg of the basic diet per day, an amount sufficient to satisfy the NRC requirements (National Research Council, 1988) , whereas those on high energy (HE) received the same basic diet plus an additional 1.0 kg of cornstarch. Gilts on both treatments consumed all of the feed on a daily basis. By analysis, the RE diet The composition of the diets was similar to those used by Young et al. (1990) for previous studies on nutrition x reproduction interactions in this experimental herd.
Approximately equal numbers of gilts from each dietary treatment were slaughtered on d 9, 10, or 11 after insemination and their reproductive tracts were collected immediately. Corpora lutea on each ovary were counted to determine ovulation rate, and individual uterine horns were then flushed with 20 mL of PBS to recover conceptuses. Each conceptus was examined with a stereomicroscope to confirm normal development. The survival rate was determined by the number of viable embryos recovered as a percentage of ovulation rate. Conceptuses from left and right uterine horns were kept separately and photographed using a camera mounted on a stereomicroscope. Surface areas (square millimeters) were measured by tracing outlines of individual images on a digitized tablet interfaced with a computer program to provide mean and standard deviation values for assessment of size variability within and between litters.
All conceptuses from left uterine horns ( n = 472) were incubated individually in 500 pL of Eagle's Minimum Essential Medium ( ERIEM) in 24-well tissue culture plates with 2% barrow plasma for 24 h at 37°C in an atmosphere of 5 % C 0 2 in humidified air. Aliquots (150 pL) of culture media were removed at 0, 3, and 24 h and stored at -20°C until concentrations of total unconjugated estrogens were measured using an amplified enzymeimmunoassay (Meyer et al., 1990 ; absolute sensitivity = .12 pg/well at 94% binding) as modified by Chapeau et al. (1993) . Zero-hour values were subtracted from 3 and 24 h results to determine estrogen production during these time periods. Conceptuses from right uterine horns were prepared for light microscopy, in the event that subsequent microscopic examination might be required.
Experiment 2
In Exp. 2, 47 gilts were used, and breeding procedures and diets were the same as in Exp. 1. Approximately 10 g of feces were removed from the rectum of each gilt on d 25, and estrogen concentration was measured with an enzymeimmunoassay (Chapeau et al., 1993) . Gilts were slaughtered on d 25 or 26 (RE, n = 23; HE, n = 241, reproductive tracts were collected immediately, and number of corpora lutea on each ovary were counted to determine ovulation rate. Uterine horns were opened so that conceptuses could be counted and examined individually to determine whet,her embryo and placental development seemed normal. Survival rate was determined as in Exp. 1.
Statistical Procedures
Analyses of variance and calculation of least squares means were performed using the GLM procedures of SAS (1988) . In Exp. 1, independent variables used to evaluate recovery rates, and conceptus size and variability were diet, day, and diet x day. For estrogen production analysis, independent variables were diet, day, diet x day, and gilt (diet x day). In Exp. 2, independent variables used to evaluate recovery rates were diet and gilt (diet). For fecal estrogen, variables were embryo, diet, and gilt (diet).
Results
Experiment 1
Recove ylSuwival Rates on Days 9, 10, and 11. The ovaries of the 91 gilts slaughtered on d 9, 10, and 11 after insemination contained a total of 1,268 corpora lutea, and 977 conceptuses were recovered from their uteri. This represented a 77.5 f 19% recovery rate; the average number of ovulations/gilt and conceptuses/gilt was 14.0 k 2.3 and 10.7 i 3.0, respectively. All recovered conceptuses appeared normal, so recovery and survival rates are considered synonymous. No difference was detected between groups for overall recovery (RE, 76.2 _+ 2196, n = 45; HE, 78.8 _+ 17.5%, n = 46). Recovery rates on each day were also not affected by diet ( P > .lo). Overall recovery rates on d 9, 10, and 11 were 76.3 +_ 21 ( n = 31), 79.5 k 17 ( n = 30), and 76.8 _+ 19.5% ( n = 30), respectively ( P > 
Estrogen Production by Individual Conceptuses.
Estrogen production by d-9 conceptuses was barely detectable) but by d 10, blastocysts produced measurable amounts after 3 h in vitro. There was no difference ( P > .25) in estrogen produced due to diet or day ( d 9, .017 f .24 ng/mL for both diets, n = 165; d 10, .372 f .25 ng/mL for both diets, n = 162) after 24 h in vitro.
Day-11 conceptuses recovered from RE gilts ( n = 75) produced more estrogen than their counterparts from HE females ( n = 70) after 3 h (.77 k . l l ng/mL vs .37 f .ll ng/mL; P < .01) and 24 h (3.02 k .40 ng/mL vs 1.29 k .39 ng/mL; P < .Ol) ( Table 2 ). There was a positive relationship between embryo size and estrogen production for both RE and HE groups ( r = .29
and .69, respectively; P < .01). differ between RE and HE groups (28.7 and 24.1 ng/g, respectively; P > ,101. Estrogen concentrations were not related to litter size at the time of slaughter ( r = .13; P > .25). The mean number of embryos for gilts used in this analysis was 11.1 k 2.9 for HE and 12.0 _+ 3.0 for RE ( P > .25).
Discussion
Scientists are not always consistent in the method used to indicate the beginning of conceptus development, particularly when working with species with estrous periods spanning several days. For many, the day on which estrus was first detected is designated d 0, some refer to this as d 1, whereas others do not provide any specific indication. Thus, some caution must be exercised in comparing findings from different studies. In the present study, all gilts were inseminated early on the day after estrous behavior was first detected with the assumption that ovulation and fertilization would occur later on this day in most instances. Although this was the 2nd d of estrus, it was designated as d 0 because any development should be measured in hours from fertilization, and first cleavage would not normally be expected until the following day.
In various studies, creating a "high-energy" diet has involved increasing the quantity of a basic diet (Toplis et al., 19831 , altering the ratio of some components (Goode et al., 19651, or adding glucose (McGillivary et al., 1963) , sugar (Buitrago et al., 19741, or fat (Grandhi et al., 1988) . In the present study, cornstarch was selected as the energy supplement because corn already formed the bulk of the concentrate diet fed to the gilts before treatments were imposed. Thus, gilts receiving the HE diet consumed additional cornstarch, but all other dietary components were similar for the two groups. Under these conditions, an energy intake substantially greater than NRC recommendations had no effect on embryonal survival between d 9 to 11 or on d 25 of pregnancy. Overall survival rate up to d 11 was approximately 77%, so some conceptus loss occurred earlier in gestation, but this was not related to energy consumption. This survival rate is close to that reported by Hughes (1989) , who in reviewing 12 experiments with similar numbers of ovulations, calculated recovery rates of 77% for high-and 82% for low-energy-diets on d 25 to 30. The present results indicate approximately 23% mortality by d 10, with no difference between diets and is similar to a number of previously reported values for Yorkshire pigs at later stages of gestation (McGillivary et al., 1963; Buitrago et al., 1974; Toplis et al., 1983; Dyck, 1991) .
As would be expected, mean areas and variability between individual conceptuses increased significantly with only spherical forms recovered on d 9 and 10, but d-11 conceptuses ranged from small and large spheres to tubular, elongated, and filamentous forms. Although Geisert et al. (1982) suggested that rapid elongation commences at d 12.5 (comparable to d 11.5 in the current study), earlier elongation has been widely reported (Hunter, 1974; Anderson, 1978; Pope and First, 1985) . In Exp. 1, the high-energy diet did not influence the rate or uniformity of development, and increased diversity on d 11 was not associated with lower recovery compared with d 9. On d 11, some diversity in conceptus development, which is thought to result in asynchrony between uterine development and smaller embryos, was detected but had not caused any treatment-related alteration in prolificacy.
The decreased production of conceptus estrogen on d 11 by feeding the high-energy diet that had been detected in Exp. 1 might have affected subsequent survival and indicated the need for a longer trial. However, as demonstrated in Exp. 2, the feeding of a high-energy diet immediately after mating had no detectable effect on survival rate by d 25, by which time placentation is nearing completion (King and Thatcher, 19931 , but uterine capacity is not yet a limiting factor (Dziuk, 1968) . The recovery rate on d 25 was almost identical to that measured in Exp. 1 and other similar trials (Dziuk, 1968; Hughes, 1989; Dyck, 1991) . Thus, the hypothesis of an adverse effect of the feeding of the high-energy diet (Anderson and Melampy, 1972; Stone et al., 1987; Hughes, 1989) was not substantiated. The results also indicate that if the estrogen depression detected in Exp. 1 for d-11 HE conceptuses was a true difference rather than simply a chance anomaly, the concentration was greater than some critical value and did not compromise attachment. Similar recovery rates on d 25 in Exp. 2 and on d 9 t o 11 in Exp. 1 support the idea that the majority of embryonal loss occurs within the first 10 d after mating (Lambert et al., 1991) .
The lack of consensus between results in previous trials can be attributed to several reasons. The term "high-energy diet" is used very generally. As pointed out before, it referred to an increased plane of nutrition with all feed components being increased in some instances, whereas in others, individual components of the diet were altered, or different ingredients were used as the source of additional energy. The stage at which the treatments were imposed and the durations of feeding has also varied between trials. Sometimes the experimental diet was fed before ovulation, which could affect ovulation rate, whereas in others, the diet was imposed after mating. Finally, the number and age of the animals in the trials varied. Toplis et al. (1983) suggested that when gilts were used, a detrimental effect of nutrition on conceptus survival was more often detected than when older animals were used. These differences make it difficult to draw broad conclusions despite the abundant reports.
